Abstract. The major energy strategy of China has made a specific goal for the development of renewable energy. For the city of Guangzhou, the government has made a target of the installation of solar PV development: up to 2000MW by 2020. Huangpu district is one of the national economic development zone (EDZ) in Guangzhou, the district government has planned to install 302MW solar PV capacity in any form across all building sectors by 2020. This paper contributes to current renewable energy development planning by combining spatial analysis tools and urban planning data together to evaluate the solar energy resources and technical potential for the solar PV installation on industrial rooftop in Huangpu district in a more accurate method. Results shows that the technical potential for industrial rooftop solar PV in the Huangpu EDZ was estimated to be 649MW with a total effective solar PV panel area of 3,956,402 m 2 . It shows that the technical potential is enough to reach the solar PV target set by the government if we only consider the industrial buildings.
Introduction
The energy development in China has become more and more "green" and low-carbon. Each level of government has planned a long-term renewable energy strategy in order to fulfill the energy development target: The proportion of non-fossil energy is about 20% of the total energy consumption in 2030 [1] . Therefore, the assessment of renewable energy resources in local scale is essential for the urban planning and energy development. The Center for Climate Strategies (CCS) and its partners in China: the Guangzhou Institute of Energy Conversion -Chinese Academy of Science (GIEC) and the Global Environmental Institute (GEI) have developed the Renewable Energy Implementation (REI) Toolkit and launched a pilot project in Huangpu district to test the toolkit and study the results. The REI Toolkit includes MS Excel-based workbooks, document templates, and guidance documents to assist jurisdictions (cities, provinces/states, and countries) in the evaluation, implementation and scale-up of renewable energy (RE) projects and programs. In the early stage of the project, the local expert group on solar power identified industrial rooftop PV applications to have the highest priority for implementation. Solar photovoltaic (PV) power systems for the industrial sector provide carbon-free electricity for use in industrial processes and/or buildings, and potentially, during periods when electricity generation is in excess of facility needs, for other electricity consumers. Solar PV systems use flat or, in future designs, even curved PV panels or PVs built into building materials to capture the energy and sunlight and convert it directly to electricity. Solar PV systems are practically infinitely scalable, ranging in size from a few watts to charge a mobile phone or other small device, to tens or hundreds of megawatts for utility-scale systems, though typical industrial-scale systems would be in the tens to hundreds of kilowatts size range.
Solar PV panels can be mounted on buildings, placed on support structures built on vacant land, or incorporated into infrastructure such as parking lots, retaining walls, bridges, and other structures, wherever a relatively unobstructed southern (in the northern hemisphere) exposure is available. Solar PV systems, because their peak output generally occurs when temperatures are warmest and power use for air conditioning, particularly in a climate like South China's, is near peak levels, can help to relieve peak power demands on both electricity supply systems and local transmission and distribution grids, depending on how the systems are configured and the locations of the projects.
Methodology
The steps of renewable energy resources assessment are shown in Figure 1 as follows: Figure 1 . Assessment phases.
1)
Jurisdictional-scale assessment of renewable energy zones (REZs) to determine the best opportunities for solar, wind, biomass and other RE resources to be found in the jurisdiction.
2) Selection of one or more RE resources (wind, solar, or biomass, for example) and target local implementation area(s) based on the REZ assessment and planning needs.
3) Characterization and selection of an RE technology application for the selected area. An "RE technology application" addresses both the "what" and the "where" aspects of renewable energy. This includes the end use sector (residential, commercial/institutional, or industrial) to be targeted for the application, the technology (such as, solar PV panels), and additional application detail (for example, PV application on rooftops or in other open areas; use of tracking systems; and energy storage). 4) Evaluation of the technical potential of the selected renewable energy technology is conducted by GIS software and land use data.
Land Types Exclusion
The solar renewable energy (RE) resource assessment was assessed based on the maximum area available for solar installation and the amount of solar energy reaching the ground (solar insolation). This assessment was conducted using geo-spatial analysis within a Geographic Information System (GIS) [2] to calculate the maximum area available. The area within the province that is suitable for installation of solar photo-voltaic (PV) systems was estimated by subtracting unsuitable areas from the total provincial area. The land types excluded are forest, cropland, water, protected and sensitive areas and land with slope greater than 15% [3] The remaining area, after removal of unsuitable areas, was calculated for each of the smallest available administrative divisions, referred to here as township. The remaining area for each township was then multiplied by the annual solar insolation for that location to estimate the available solar energy resource. This approach is similar to the methods to identify renewable energy zones.
Assessment of the technical potential of the RE technology
Selection of an RE technology application for the selected area
Selection of a renewable energy and target local implementation area(s)
Jurisdictional-scale assessment of renewable energy zones
Land Use Data
Spatial analysis was conducted using QGIS version 2.18 software with the map data files listed as follows:
• Huangpu Boundaries This has been reprojected from its original CRS to be the same as the Google Satellite images (WGS 84 / Pseudo Mercator; EPSG: 3857).
• Huangpu Urban Area
Filenames: LC300_urban_v_corrected This is the Huangpu urban area created by starting with the 300 meter resolution land use data from 2015 and manually correcting based on the satellite image. (Source of 300 m land cover: http://maps.elie.ucl.ac.be/CCI/viewer/index.php) • Huangpu Urban Land Use Filenames: HuangpuUrbanLU This is a start on manually selecting sector level urban area polygons. Each polygon has an attribute of I for industrial or RCI for residential/commercial/institutional.
• Huangpu Grid Squares Filenames: HuangpuGrid200Clip
This is a grid of polygon squares covering Huangpu. These were initially created as 200 x 200 meters, but after reprojection they are closer to 180 m x 180 m, the area should be calculated for each since the area varies slightly. This can be clipped to the urban or specific sector area and sample squares randomly selected from these.
The local area(s) for implementation should be based on the technical potential assessment and other selection criteria important to development within the region. Local areas could be the entire REZ or portions of an REZ that fall within jurisdictional boundaries (counties, cities, townships, districts). Local areas rich in resource potential might be further prioritized based on expected demand growth for power, targets for economic growth, or other criteria. In Guangdong Province, the Chinese government has established Economic Development Zones (EDZs). Of these, the Huangpu EDZ showed good technical potential for solar power. The district government has In addition, the northern portion of Huangpu is currently being developed as the Sino-Singapore Knowledge City which offers near term opportunities to integrate solar power into the construction of new industrial buildings. Hence, it was selected as the study area for development of solar PV energy.
Selection of Technology Application
An RE Technology Application Multi-Criteria Assessment (MCA) Scoping Tool was developed to assist analysts and/or expert stakeholders to identify and prioritize the most promising technology applications for the local area. Inputs to the tool include those developed from the local area assessment above (for example, available space for implementation of the technology), and cost and performance data from the literature and other modeling tools (e.g. RETScreen [4] ). In addition to these empirical or quantitative inputs, the tool also supports the assessment of expert ratings for more qualitative criteria for each technology application. These are based on analyst or expert stakeholder input on performance criteria such as: alignment with jurisdictional/ national objectives (such as RE energy targets); energy security; GHG emissions; and local job creation.
Empirical scoring from the tool currently addresses the following four criteria:
• Levelized Cost of Electricity (LCOE) ($US/kW): estimated based on capital and operations and maintenance (O&M) costs, capacity factor, and utilization factor. LCOE is one of the most widely used metrics for comparing the costs of different electricity generation technologies.
• Lifetime Production (MWh): estimated based on the maximum installed capacity potential, and the life expectancy of the given technology application's equipment.
• Annual GHG Reduction (tCO 2 e): estimated based on the annual energy production estimated for the technology and local marginal carbon intensity of grid electricity.
• GHG Abatement Cost Effectiveness ($/tCO 2 e): estimated based on the annual GHG reduction and annualized capital and O&M costs.
Expert rating scores address six criteria. Each criterion is assigned a value from 0 to 5, with 5 indicating that the criterion is applicable and could be significantly improved through implementation of the technology application. The qualitative criteria currently considered in the MCA Scoping Tool are:
• Alignment with Nationally-Declared Contribution (NDC) or Similar National Goal: implementation of the technology fits in with the national government's approach to fulfilling its Nationally-Declared Contribution to the Paris Accord (NDC) or similar national objective.
• Air Pollution Benefits: implementation of the technology would offset current or expected fossil-based generation that negatively impacts air quality in the planning jurisdiction.
• Government Financial Support: the provincial or national government has financial support mechanisms available to support implementation of the technology.
• Other Environmental Benefits: implementation of the technology would provide other (non-air pollution) benefits: for example, water quality, solid waste, land use.
• GSP/Jobs: implementation of the technology is expected to support local (within planning jurisdiction) employment and economic growth (gross state product or GSP).
• Energy Security: implementation of the technology will increase the diversity of energy supply sources and/or reduce energy imports. While output from the MCA Scoping Tool can be used to inform selection of technology applications by a group of analysts, it can also be used to inform an expert group that is charged with making these selections. Such a group then would use the output as background information, and, combined with their own expertise in renewable energy technology, prioritize the selections for local implementation. CCS developed an RE Screening Survey Tool to support the acquisition of expert opinion and to score those rankings. GIEC conducted a survey of local solar energy experts from representatives of academia, government institutes, and industry. The results of the survey show that industrial rooftop PV systems edged out commercial/institutional and residential rooftop systems as the technology application with the highest priority for implementation in the Huangpu EDZ.
Solar Resource Assessment of Selected Area
Huangpu district is selected as the study area. The figure below is the jurisdictional map of Huangpu district. The map on the left shows the location of Huangpu within the City of Guangzhou, and the map on the right is a zoom-in on Huangpu District. Huangpu is located at the geographic center of Guangzhou. After determining the local area(s) for implementation, the next step involves building additional detail on the technology application to be implemented. For solar RE, additional details that are needed here include: economic sector involved (residential, commercial/institutional, or industrial); technology detail; and application detail (such as rooftop or installation above other open area).
After choosing a specific local area, geospatial analysis can also be used to conduct a local resource assessment to obtain more detailed information valuable for selecting the RE technology application. For the solar PV, a local assessment can be conducted to determine the area of rooftops and open space in the residential, commercial/ institutional, and industrial sectors available for solar PV installation.
To estimate the amount of rooftop and urban open space area available for solar PV installation, the urban area can be selected based on land cover data. If necessary to improve the accuracy of the land cover data, the urban area selection can then be compared to a satellite image of the area and manually corrected. The urban land selection is then divided into a grid, as shown in the last panel in Figure 4 . Showing grid squares overlaid on the urban area in Huangpu District, Guangzhou. Most grid squares are shown in green; a random sampling of these grid squares is shown in yellow.
Ideally, the urban land selection should be further sub-divided into Residential, Commercial/ Institutional, and Industrial zones (sector zones) based on local zoning or planning data. If the zoning data are not available, visual inspection of the satellite images for the area can provide a means to manually create a rough division of sector zones. Then, each sector zone would be separately random-sampled as described below to develop area estimates. Figure 5 provides an example for a portion of the Huangpu EDZ in which the urban area has been disaggregated into separate industrial versus residential/commercial/institutional areas. Randomly-selected grid squares from the area of interest can be analyzed to determine the area of rooftop and open space within each sample square. The drawing and spatial analysis tools within the GIS software allow the user to draw polygons on the rooftops or open space in that square, as shown in Figure 5 , and then produce area values for each. The percentage of the grid square covered by rooftop or open space can then be applied to the entire area. After drawing all of the rooftop area of these 3 types of buildings, we can then calculate the surface of each polygon of the rooftop area by the QGIS calculator and export the surface data to the Excel table and calculate the total rooftop surface of these 3 types of building in the Huangpu district.
For the planning area such as the Sino-Singapore Knowledge City situated in the north part of Huangpu district, the planning industrial rooftop area is calculated by the product of planning land use surface of each type of building in the program target area and relative building density:
(2) where: S p = planning industrial rooftop area; S lu = planning building land use surface; D = relative building density; Add the planning area and the current area together. The total potential PV installation surface on the rooftop area is: St = (Sp + S) * 70% [5] (3) where: St = total PV surface; Sp = planning surface; S = current surface of rooftop; According to the distributed solar PV power generation development planning of Guangzhou, 70% is the maximum percentage of the rooftop surface that the solar panels can be installed on. After determine the total surface of solar PV panels on the industrial building, we can use provincial measures of insolation (annual, daily, and monthly) per m2 and average efficiency of Using the insolation data of Huangpu EDZ and the total surface of industrial rooftop PV panel, the potential solar PV installed capacity in Huangpu is estimated 597 MW. The target of solar PV installation in Huangpu district is reachable. Assuming the full technical potential is reached, total PV power generation is estimated to be 683.1GWh/yr.
Conclusions
In this article, we use geo-spatial analysis within a Geographic Information System to calculate the maximum rooftop area available for the installation of solar PV panel in a study region. A specific district on the jurisdictional level was selected as a case study using QGIS to evaluate the technical potential of solar PV power production. The estimation has considered the future planning area where is still in construction and we have proposed an effective method to estimate the rooftop area of the future planning area that can be installed solar PV panels.
Moreover, the contributions of the methods and analysis in this article to the renewable energy development could be summarized as followed:
1) Renewable energy resources assessment with the help of GIS software and land use data provides an accurately evaluation for renewable energy planning. This type of analysis can be conducted on multiple types of renewable energy resources (for example, wind, biomass, micro-hydro) to determine what resource options provide the most generation potential and the optimal locations for siting renewable energy systems. The result gives us a better understanding of the technical potential of solar energy in a certain area. The method and considerations will make the resources assessment more accurate and help the local government conduct a better renewable energy planning and set a rational target for renewable energy development in the future.
2) The analysis and evaluation of the solar energy resources in Huangpu district shows that the technical potential for industrial rooftop solar PV in the Huangpu EDZ is 597 MW, the total effective solar PV panel area on industrial building is 3,965,402m 2 . The estimated effective solar PV panel area in the planning region (Sino-Singapore Knowledge City) is 1,470,146m 2 , which is 26% of the total area. The total PV power generation on industrial rooftop is estimated to be 683.1GWh/yr if the technical potential is all reached. That is 7.42 % of the current annual electricity demand in the Huangpu EDZ.
